architecture undergoes extensive reorganization during development in association with gene expression (Dixon et al., 2015) . At birth, rod nuclei exhibit a conventional chromatin architecture in mice, with the inverted organization developing over the next several weeks or months (Solovei et al., 2009) . Further study of the changes in the three-dimensional organization of the rod genome during different stages of differentiation using FISH and comprehensive mapping of TADs, via chromosome conformation capture methodologies such as Hi-C (Lieberman-Aiden et al., 2009; Dixon et al., 2015) , would be of interest. This would allow further investigation of the role of nuclear organization in transcriptional regulation, and potentially, vice versa. Previous studies have shown that the genome is organized into A and B compartments, which correspond to relatively active and inactive regions respectively, with TADs forming the basis of these higher-order chromatin structures (Lieberman-Aiden et al., 2009; Dixon et al., 2015) . A combination of retina-specific nuclear organization datasets and the epigenome data from Aldiri et al. (2017) would enable a study of the dynamics of compartment A/B patterns during retinal development. In addition, such an analysis would allow one to ask about changes in the inter-and intra-TAD interactions between enhancer and promoters during development.
The multiple datasets generated by Aldiri et al. (2017) provide a valuable resource for deciphering the gene regulatory networks controlling retinal development, e.g., the many putative enhancers suggested by their work will enable a more efficient route toward discovery of the cis-regulatory elements and cognate transcription factors for specific genes. These data may improve our use of 3D retinal organoids and/or iPSCs for deriving cell-based therapies for retinal degenerations. In addition, their data provide a starting point for an analysis of chromatin changes in specific types of retinal progenitor cells and their progeny, as well as potentially provide a window into some of the higher-order changes in the genome that may drive the temporal progression of retinogenesis.
Understanding how perception emerges depends on the understanding of sensory acquisition by sensory organs. In this issue of Neuron, Severson et al. (2017) present a brilliant leap towards understanding active sensory coding by mechanoreceptors.
Evolution hides its secrets. Comparative studies trying to trace the birth of a new function in the brain usually fail. Instead, neuronal precursors of almost every studied function are found in earlier species. On this background, sensory organs stand out. Dissecting a sensory organ seems like opening a treasure box for a comparative scientist. The distinction between different receptor types is indubitable, and the differences between one type of sensory organ to the other are overwhelming. Such dramatic differences must reflect significant functional differences-different evolutionary solutions to different environmental challenges. What stands behind these differences? What kinds of information do the sensory organs convey to the brain, how do these pieces of information address evolutionary challenges, and how can they explain the emergence of perceptual experience we are all so familiar with?
About eight decades ago, Lettvin and colleagues excited the community of neuroscientists with a careful analysis of the sensory channels conveying information from the frog's eye to the frog's brain (Lettvin et al., 1959) . Together with the characterization of retinal receptive fields and response patterns, it seemed natural to initiate the study of the visual system with figuring out what the eye tells the brain. This potential approach, however, was largely abandoned once another study excited the imagination of visual scientists-the discovery that many cortical neurons are sensitive to oriented bars. Vision research took then a computational-based trajectory, assuming that the eye decomposes the visual scene and the brain reconstructs it step by step. But, importantly, the assumption that this is the story told to the brain by the eye was never actually verified. In fact, as vision is still an enigma, this assumption should better be challenged.
The eye is one example of a complex and admirably sophisticated sensory organ. A detailed study of ocular coding, however, is not at reach currently. The major reason is probably the inability to track the motion of the primate eye during natural viewing at sufficient resolution, that is, at the resolution of individual foveal receptive fields. While rodent vision may be found more ''user friendly'' in this sense, it is another sensory organ of the rodent that gets the prime attention of neuroscientists when it comes to cracking sensory coding. This is the rodent's vibrissal organ. Rats, mice, and other rodents use the hairs on both sides of their snout to actively scan their environment. These vibrissae or whiskers, and the specialized follicles at their base, sample environmental information mostly via active sensing: objects interfering the whiskers' path of motion cause them to bend. The combination of bending and whisker angle, which determine the dynamic forces conveyed to the follicle, depends on the unique combination of the object's physical properties, such as location relative to the face, shape, texture, and rigidity (Bagdasarian et al., 2013; Campagner et al., 2016; Huet and Hartmann, 2016; Pammer et al., 2013) . The resulting within-follicle mechanical forces are sensed by the dense array of highly sensitive mechanoreceptors populating each follicle. These mechanoreceptors vary substantially both in their morphology and in their spatial distribution within the follicle and its associated structures (Figure 1) . Their responsiveness may depend heavily on these factors (Ebara et al., 2017) , as well as on the parameters of the mechanical forces applied.
While progress has been made on understanding the links between behavioral events and trigeminal neuronal activity, the ''black box'' mediating these linksthe vibrissal follicle-is still poorly understood. Investigating this black box, being a long-standing dream of sensory researchers, has been proven extremely difficult, especially due to the need of studying it in its active mode; the mechanics dominating the passive and active modes are categorically different, which precludes a meaningful reduction of the question to passive conditions. Fortunately, this frustrating period might be coming to its end now. Severson, Xu, O'Connor, and colleagues found a way to tell us what one specific receptor type in the rodent's whisker's follicle tells the rodent's brain. Their breakthrough, described in a fascinating article in this issue of Neuron (Severson et al., 2017) , will hopefully pave the way for a whole battery of studies that will illuminate the functional aspects of receptor morphology and location in the follicle, and likely also in other sensory organs. Severson et al. (2017) used optogenetictagging to identify primary afferents associated with Merkel-type mechanoreceptors and recorded from their cell bodies in the trigeminal ganglion while the mouse was actively exploring its surroundings with its vibrissae. Thus, they were able for the first time to bridge the gap between morphology and function of vibrissal From left to right: external objects are sampled by active scanning with the whisker array; spatial features of the object (e.g., location, shape, size, and texture) are dynamically represented by morphological variables of the encountering whisker (q, angle; k, curvature); morphological variables are translated to mechanical forces within the follicle (F tan , tangential force; F ax , axial force; M, bending moment). The forces are sensed by a heterogeneous array of highly sensitive mechanoreceptors in the whisker's follicle, which convert them into neural code transmitted to the brain via the trigeminal nerve. The right-most panels are modified from Ebara et al. (2017). afferents within the natural context of active exploration. The whisker motion and morphology was continuously tracked during these explorations using fast videography, and the forces exerted on the follicle were derived using state-of-the-art models of whisker mechanics. Severson et al. (2017) found that Merkel afferents respond to two major components of active vibrissal sensing-to the rhythmic motion of the whisker (whisking) and to events in which the whisker encountered an external object (touch). All Merkel afferents except one responded both to whisking and touch and thus correspond to the ''Whisking/Touch'' family of cells (WT), previously described during artificial whisking in anesthetized rats (Szwed et al., 2003) . Future experiments should clarify whether RS-Merkel's WT responses are linked to the unique status of these cells in the follicle-RS-Merkel cells are the only receptors that are embedded in the epithelial tissue immediately surrounding the whisker shaft.
As WT responses uniquely characterize the lemniscal pathway, the pathway ascending via the VPMdm nucleus of the thalamus (Moore et al., 2015; Yu et al., 2006) , the findings of Severson et al. (2017) can be interpreted as indicating that Merkel afferents project only to the lemniscal pathway. If this interpretation is further confirmed, it may mark a transition toward a paradigm of single-receptor-type-based perceptual investigations, in which the entire motor-sensory-motor loop activating a single-receptor type (say Merkel) is traced during perception.
Perception is naturally based on all available receptor types and functional classes. The entire sample described by Severson et al. (2017) (Merkel and other unidentified cells) contains primarily WT cells and a small number of T cells, i.e., cells responding only to touch. The one type missing in this sample is that of Whisking (W) cells, cells that respond only to whisking (that is, are not affected by [light] touch during whisking as long as it does not affect the whisking trajectory) (Szwed et al., 2003) . Although a few slowly adapting unidentified cells in Severson's sample are sensitive primarily to whisking and much less to touch, it would make sense to look for pure W cells, whose proprioceptive information would be invaluable to the rest of the vibrissal system, in future experiments. Natural candidates for this function would be receptors that are efficiently buffered from the whisker shaft.
What can we learn from Severson et al. (2017) 's pioneering study about how the WT story is told to the rodent's brain? Severson et al. (2017) addressed each component separately, starting with Touch. Using statistical analysis, they found that of all the variables describing the mechanical forces within the follicle, the most crucial to explain the touch response are the bending moment and its temporal derivative. Thus, they conclude that the Touch component of Merkel-afferent responses report on the bending dynamics of the whisker due to object contact.
How is Whisking information conveyed? Unlike skeletal muscles, vibrissal intrinsic muscles lack proprioceptive afferents (Moore et al., 2015) ; instead, as mentioned above, the whisking signal is encoded, in trigeminal afferents emanating from the follicles (Leiser and Moxon, 2007; Szwed et al., 2003; Wallach et al., 2016) . The key single variable represented by the whisking response was the phase, i.e., the relative position of the whisker within the current protraction-retraction cycle. Moreover, Severson et al. (2017) found that the preferred phase of each recorded cell was largely invariant to other variables, confirming previous findings in synthetically generated motion in anesthetized rats (Wallach et al., 2016) . Severson et al. (2017) then used progressive whisker trimming to show that this whisking response arises in some cells from external stress (due to the inertial bending of the whisker) and in others only from internal stresses (due to the whiskerpad muscle contraction). One possible hypothesis here would be that the former cells are RRC-Merkels, whereas the latter are RS-Merkels (Figure 1 ). Severson et al. (2017) went a step further and showed that the preferred phases of internal-stress-related responses coincide with peak activation of different muscle groups within the whisking cycle. This indepth analysis, in addition to illuminating the mechanisms of Whisking coding by Merkel-afferents, calls for a study of the entire Merkel-based motor-sensory-motor loop.
Is such entire-loop study indeed possible? The superior traceability of the vibrissal system suggests that it is. Whisker motion can be tracked at the resolution of its basic unit, motion induced by a single motor spike (Herfst and Brecht, 2008) , the number of neurons in each station along the (mostly sub-cortical) loops is manageable, especially when reducing to a single-receptor study, and now single-receptor recording of primary afferents is also possible. Thus, the entire perceptual loop is traceable at a reasonable level in the rodent. Significantly, the answer Severson et al. (2017) gave us to one aspect of the informational question posed at the outset of this Preview, namely what kinds of information the sensory organs convey to the brain, brings us closer to addressing the emergence of perceptual experience from such processes along the entire perceptual loop.
